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l Michihiko Matsuba, President of Fukuyama Sangyo Honyaku Center, Ltd, of 16- 
3, 2-chome, Nogamhcho, Fukuyama, Japan, do solemnly and sincerely declare that 
I understand well both the Japanese and English languages and that the attached 
document in English is a full and faithful translation, of the copy of Japanese 
Patent Publication No. Sho-56-50247 published on November 27, 1981. 




Michihiko Matsuba 

Fukuyama Sangyo Honyaku Center, Ltd, 




FOURIER TRANSFORM LENS WITH GREAT DISTANCE BETWEEN OBJECT PLANE 
AND SPECTRUM PLANE 

Japanese Patent Publication No. Sho-56-50247 
Published on: November 27, 1981 
Application No. Sho-53-89354 
Filed on: July 24, 1978 
Inventor: Shozo ISHIYAMA 

Applicant: Konishiroku Shashin Kogyo Kabushiki Kaisha 
Patent Attorney: Michio OSHIMA 

SPECIFICATION 

TITLE OF THE INVENTION 

Fourier transform lens with great distance between object 
plane and spectrum plane 
WHAT IS CLAIMED IS; 

1; A Fourier transform lens wherein an 8-group and 8-lens 
structure is formed such that, in order from an object side, 
a first lens group has a positive single lens whose convex 
surface is directed to the object side, a second lens group 
has a meniscus-shaped negative single lens whose convex surface 
is directed to the object side, third and fourth lens groups 
each have a negative single lens whose concave surface is 
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directed to the object side, fifth and sixth lens groups each 
have a meniscus-shaped positive single lens whose concave 
surface is directed to the object side, a seventh lens group 
has a positive single lens whose convex surface is directed 
to an image side, and an eighth lens group has a positive single 
lens whose convex surface is directed to the object side, and 
wherein each condition of 

(1) -0.85f < fi.4 < -0.60f 

(2) 0.06f < di.3 < 0.20f 

(3) 0.18f < d 8 . 13 < 0.50f 

(4) 0.04f < dis < 0.20f 

(5) 1.75 < n p 

(6) 1.65 < n N 

is satisfied, * and the distance from an object plane, i.e., a 
front focal plane to a front plane of the lens system is made 
greater than 0.2f, and the distance from a back plane of the 
lens system to a spectrum plane, i.e., a back focal plane is 
made greater than If, where 

f is a combined focal length of an entire lens system, 
fi-f 4 is a combined focal length from the first lens group to 
the fourth lens group, 

di*d 3 -is an on-axis distance from a surface on the object side 
of the lens of the first lens group to a surface on the image 
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side of the lens of the second lens group, 

de-13 is an on-axis distance from a surface on the image side 
of the lens of the fourth lens group to a surface on the image 
side of the lens of the seventh lens group, 
d i5 is an on-axis thickness of the lens of the eighth lens group, 
n p is the refractive index of the positive single lens, and 
n N is the refractive index of the negative single lens. ■ 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a Fourier transform lens 
system for recording and reproducing a Fourier transform 
hologram, and relates to a Fourier transform lens improved so 
as to be capable of increasing the distance between an object 
plane and a spectrum plane. 

An optical system shown in Fig. 1 is often used in order 
to optically realize a Fourier transform. In this optical 
system, when a transmissible object disposed at the front focal 
plane Fi.i of a first lens li is illuminated with coherent light 
from the left, a spectrum image, which has been subjected to 
a Fourier transform, of the transmissible object is formed on 
the back focal plane Fi. 2 of the first lens I3.. When a second 
lens 1 2 is disposed so that the front focal plane F2.1 of the 
second lens 1 2 coincides with the back focal plane F1.2 of the 
first lens li, a spectrum image obtained by again subjecting 
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the spectrum image formed on the back focal plane Fi. 2 of the 
first lens 2i to a Fourier transform by the second lens I 2 , i.e., 
a reproduced image of the first transmissible object is formed 
on the back focal plane F 2 .2 of the second lens 1 2 . 

Thus, to record the spectrum image first subjected to the 
Fourier transform as a hologram is, namely, to record a Fourier 
transform hologram, whereas to reproduce a spectrum image and 
obtain a reproduced image of the transmissible object while 
placing a recorded Fourier transform hologram at the front 
focal plane F 2 .i of the second lens I 2 shown in Fig. 1 is to 
reproduce the Fourier transform hologram. 

An area where the aforementioned relationship is 
unconditionally established is only the paraxial area of the 
lens system, and, to allow the operation of the Fourier 
transform to be achieved without the limitation of the paraxial 
area, the Bieren * s condition that f sin &) is used as an ideal 
image height is required for the .lens system where f is the 
focal length of the lens system, and go is" a field angle. 

Furthermore, in order to facilitate the handling of an object 
or the operation of a recording medium when a Fourier transform 
hologram is recorded or reproduced, a great distance is 
required between the object plane and the front plane of the 
lens system and between the back plane of the lens system and 
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the spectrum plane, respectively. 

The present invention aims to provide the thus structured 
Fourier transform lens and, more specifically, to correct an 
aberration with respect to light beams from both right and left 
directions. When corrected, a stop is set at the front focal 
plane with respect to a light beam from the left direction, 
and a stop is set at the back focal plane with respect to a 
light beam from the right direction. The ideal image height 
can be given by f sin to. This is equivalent to satisfying a 
sine condition with respect to the light beams of the right 
and left directions. 

The present invention will be hereinafter described in 
detail with reference to Fig. 2 that shows the basic structure 
of the Fourier transform lens according to the present 
invention . 

That is, the Fourier transform lens is one that is 
characterized in that an 8-group and 8-lens structure is formed 
such that, in order from an object side, a first lens group 
has a positive single lens Li whose convex surface is directed 
to the object side, a second lens group has a meniscus-shaped 
negative single lens L 2 whose convex surface is directed to 
the object side, third and fourth lens groups each have a 
negative single lens L3, and L 4 whose concave surface is 
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directed to the object side, fifth and sixth lens groups each 
have a meniscus-shaped positive single lens L5, and L6 whose 
concave surface is directed to the object side, a seventh lens 
group has a positive single lens L 7 whose convex surface is 
directed to- an image side, and an eighth lens group has a 
positive single lens \L 8 whose convex surface is directed to 
the object side, and characterized in that each condition of 

(1) -0.85f < di.' 4 < -0.60f 

(2) 0.06f < di.3 < 0.20f 

(3) 0.18f < d 8 .i 3 < 0'.50f 

(4) 0.04f < di 5 < 0.20f 

(5) 1.75 < n p 

(6) 1.65 < n N 

is satisfied, and the distance from an object plane, i.e., a 
front focal plane to a surface on the object side of the lens 
system is made greater than 0.2f, and the distance from a back 
plane of the lens system to a spectrum plane, i.e., a back focal 
plane is made greater than If, where 

f is a combined focal length of an entire lens system, 

fi. 4 is a combined focal length from the lens L x of the first 

lens group to the lens L 4 of the fourth lens group, 

di.3 is an on-axis distance from a surface on the object side 

of the lens Li of the first lens group to a surface on the image 




side of the lens L2 of the second lens group, 

d 8 -i3 is an on-axis distance from a surface on the image side 

of the lens L 4 of the fourth lens group to a surface on the 

image side of the lens L7 of the seventh lens group, 

dis is an on-axis thickness of the lens L 8 of the eighth lens 

group, 

n p is the refractive index of the positive single lens Li, L 5 , 
Lg, L7, and Ls and 

n N is the refractive index of the negative single lens L 2 , L3, 
and L 4 . 

A description will be hereinafter given of a technical reason 
why the Fourier transform lens according to the present 
invention requires the aforementioned conditions. 

The condition (1) is one that is necessary to prevent the 
occurrence of a coma flare, to correct a spherical aberration 
with respect to a light beam from the right direction, to keep 
the Petzval sum at a proper value, and to restrict an increase 
in field curvature. 

That is, if fi. 4 becomes smaller than the lower limit value 
of the condition (1), the power of the negative lens L 2 , L 3 , 
and L 4 becomes weaker, or the power of the positive single lens 
Li of the first lens group becomes stronger. Accordingly, the 
spherical aberration becomes under with respect to a light beam 
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from the right direction. Furthermore, if this fi. 4 becomes 
smaller than the lower limit value of the condition (1), d 8 .i3 
must be greater than the upper limit value of the condition 
(3) in order to keep f B2 greater than If where f B2 is the distance 
from the back plane of the lens system to the back focal plane. 
If so, f B i becomes smaller than 0.2f, and the present invention 
cannot be achieved, where f B i is the distance from the object 
plane to the front plane of the lens system. 

In contrast, if fi- 4 becomes greater than the upper limit 
value of the condition (1), the power of the negative lens,L 2 , 
L 3 , and L 4 becomes stronger, or the power of the positive lens 
Li of the first lens group becomes weaker. Consequently, in 
the lens system of a front-placed stop as in the present 
invention, a light beam will pass through the lens system 
greatly apart from the optical axis. Furthermore, if fi- 4 
becomes greater than the upper limit value of the condition 
{ 1 ) , the power of the lens system made up of the positive lenses 
L 5 , L 6 , L 7 , and L 8 of the fifth lens group to the eighth lens 
group becomes stronger, and each curvature radius becomes 
stronger. As a result, a large coma flare is generated near 
the maximum field angle with respect to the light beam from 
the right direction. Although a possible way to restrict this 
is to increase the refractive index of each positive lens L 5 , 
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L 6 , L 7 , and L 8 so as to loosen each curvature radius, the Petzval 
sum will become too small, and a field curvature will become 
too great with respect to the light beam from the right 
direction. 

The condition (2), the condition (3), and the condition (4) 
are those that are necessary to make f B 2 greater than 0.2f and 
make f B 2 greater than If, and are those that are necessary to 
prevent the occurrence of a coma flare, to correct a spherical 
aberration, and to keep the Petzval sum at a proper value. 

That is, if di- 3 , d 8 .i3#- and d i5 simultaneously become smaller 
than the lower limit values of the condition (2) , the condition 
(3) , and the condition (4) , f B i becomes too great, and a light 
beam near the maximum field angle of the light beam from the 
right direction will pass through the lens system far apart 
from the optical axis. Furthermore, if d 8 .i3 becomes smaller 
than the lower limit value of the condition (3) , the light beam 
near the maximum field angle must be sharply dropped by the 
positive lenses L 5 , L 6 , and L 7 of the fifth, sixth, and seventh 
lens groups, and the curvature radii of the positive lenses 
L 5 , L 6 , and L 7 of the fifth, sixth, and seventh lens groups must 
be strengthened, and, as a result, a large coma flare will be 
generated near the maximum field angle with respect to the light 
beam from the right direction. 
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In contrast, if di. 3/ d 8 -i3/ and di 5 simultaneously become 
greater than the upper limit values of the condition (2) , the 
condition (3), and the condition (4), f B i becomes smaller than 
0.2f. Furthermore, in order to keep the Petzval sum at a proper 
value, the refractive index n N of the negative lens L 2 , L 3 , and 
L 4 must be increased, and the refractive index n p of the positive 
lens Li, L 5/ L 6 , L 7 , and L 8 must be decreased. However, if so, 
the curvature radius of each negative lens L 2 , L 3 , and L 4 is 
loosened, and the curvature radius of each positive lens Li, 
L 5 , L 6 , L 7 , and L 8 is strengthened, and therefore the spherical 
aberration becomes under with respect to the light beam from 
the right direction. 

If di-3 and di 5 become greater than the upper limit values 
of the condition (2) and the condition (4) , and if d 8 .i 3 becomes 
smaller than the lower limit value of the condition (3), f B 2 
becomes smaller than If, and the present invention cannot be 
achieved. 

The condition (5) and the condition (6) are those that are 
necessary to prevent -the occurrence of a coma flare. Although 
the Petzval sum can be kept constant even by using a lens of 
refractive index that does not satisfy these conditions (5) 
and (6), the curvature radius of the lens of each lens group 
is strengthened, and a coma flare will occur. 
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Next, a concrete embodiment of the Fourier transform lens 
according to the present invention will be shown. 
Herein, 

r is the curvature radius of each lens surface, in order 
from the object side; • 

d is the on-axis thickness or the on-axis air space of each 
lens, in order from the object side; and 

n is the refractive index in wavelength A of each lens, in 
order from the object side. 
First embodiment 

f=100 

F of incident light beam from the left direction =2.5 
Field angle = 5°44' 

F of incident light beam from the right direction = 10 
Field angle = 23°04' 
Wavelength X= 4 88mu 
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r 


d 


n 


1 


104.199 


4.00 


1.81958 


2 


291.311 


0.10 




3 


74.841 


3.00 


1.66726 


4 


62.072 


9.50 




5 


-57.611 


3.00 


1.66726 


6 


-482.652 


• 5.00 




7 


-64.327 


4.00 


1.66726 


8 


-742.573 


4.00 




9 


-133.112 


9.50 


1.81958 


10 


-79.775 


0.50 




11 


-233.885 


8.00 


1.81958 


12 


-111.824 


0.50 




13 


1744.803 


9.00 


1.81958 


14 


-102.579 


0.10 




15 


142.239 


5.00 


1.81958 


16 


290.092 







f 3 . 4 = -6.6912 f B i = 40.02 f B2 = 122.35 



Fig. 3a shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
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beam incident from the left direction of the first embodiment, 
and Fig. 3b shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
beam incident from the right direction of the first embodiment. 
In the distortion aberration, the ideal image height is f sin 

CO. 

Second embodiment 
f=100 

F of incident light beam from the left direction =2.5 
Field angle = 5°44' 

F of incident light beam from the right direction = 10 
Field angle - 23°04' 
Wavelength A= 4 88mp 
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r 


d 


n 


1 


122.282 


10.00 


1.81958 


2 


302.862 


0.50 




3 


87.508 


6.00 


1.66726 


4 


70.384 


9.00 




5 


-69.027 


6.00 


1.66726 


6 


-554.877 


5.00 




7 


-74.536 


6.00 


1.66726 


8 


-1095.127 


5.00 




9 


-169.614 


13.00 


1.81958 


10 


-100.638 


0.50 




11 


-261.386 


13.00 


1.81958 


12 


-143.373 


0.50 




13 


-2639.627 


13.00 


1.81958 


14 


-142.984 


0.50 




15 


159.994 


10.00 


1.81958 


16 


-1226.705 







fi-4 = -78. 881 f B1 = 20.48 f B2 = 125.49 



Fig. 4a shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
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beam incident from the left direction of the second embodiment, 
and Fig. 4b shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
beam incident from the right direction of the second embodiment . 
In the distortion aberration, the ideal image height is f sin 

Q. 

Third embodiment 
f=100 

F of incident light beam from the left direction =2.5 
Field angle = 5°44' 

F of incident light beam from the right direction = 10 
Field angle = 23°04' 
Wavelength A= 48 8my 
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r 


d 


n 


1 


90.438 


10.00 


1.82717 


2 


178.953 


0.10 




3 


65. 654 


8.00 


1.66726 


4 


51.510 


11.00 




5 


-54.096 


3.70 


1.66726 


6 


-463.515 


5.00 




7 


-56.448 


5.00 


1.66726 


8 


-429.390 


4.00 




9 


-124.467 


4.00 


1.82717 


10 


-75.406 


0.10 




11 


-200.555 


4.00 


1.82717 


12 


-105.622 


0.10 




13 


-1985.584 


8.00 


1.82717 


14 


-86.817 


0.10 




15 


151.771 


17.00 


1.82717 


16 









fi-4 = -65.290 f B i = 38.06 f B2 - 102.45 



Fig. 5a shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
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beam incident from the left direction of the third embodiment, 
and Fig. 5b shows the correction state of the spherical 
aberration, the sine condition, the astigmatism, the 
distortion aberration, and the lateral aberration of a light 
beam incident from the right direction of the third embodiment. 
In the distortion aberration, the ideal image height is f sin 

CO. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an arrangement view and an explanatory drawing 
of an optical system for a Fourier transform, Fig. 2 is a 
schematic diagram of the lens system that forms a Fourier 
transform lens according to the present invention, Fig. 3a is 
a drawing of each aberration curve of a light beam incident 
on the lens system from the left direction in the first 
embodiment, Fig. 3b is a drawing of each aberration curve of 
a light beam incident on the lens system from the right 
direction in the first embodiment, Fig. 4a is a drawing of each 
aberration curve of a light beam incident on the lens system 
from the left direction in the second embodiment, Fig. 4b is 
a drawing of each aberration curve of a light beam incident 
on the lens system from the right direction in the second 
embodiment, Fig. 5a is a drawing of each aberration curve of 
a light beam incident on the lens system from the left direction 
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in the third embodiment, and Fig. 5b is a drawing of each 
aberration curve of a light beam incident on the lens system 
from the right direction in the third embodiment. 

Li, L 2 , L 3/ L 4 , L 5 , L 6 , L 7 , and L 8 formation lens in order 

from the object side; di, d3, d 5 , d 7 , d 9/ diir di3, and dis 

on-axis thickness of the formation lens in order from the object 

side; d 2 , d 4 , d 6 , d 8 , di 0 , d i2 , and d i4 on-axis air space of 

the formation lens in order from the object side; ri, r 2 , 

and rio curvature radius of the formation lens in order from 

the object side. 
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